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Abstract.  The  present  study  aims  to  find  out  the  training  induced  changes  on 
different physiological and biochemical parameters in young Indian field hockey 
players.  A  total  of  30  Indian  male  field  hockey  players  (age  range  14-16  yrs) 
regularly playing competitive field hockey were selected; a training programme 
consist of aerobic and anaerobic exercise were followed for 6 wks and 12 wks 
respectively. Results showed a significant decrease (P<0.05) in body fat, and a 
significant increase (P<0.05) in LBM following both 6 wks and 12 wks of training. 
Strength of backs and handgrip muscles were also increased significantly (P<0.05) 
after the training. Significant reduction (P<0.05) in heart rates during sub-maximal 
exercises,  maximal  exercises  and  recoveries  were  noted  after  both  the  training 
programme.  Moreover,  significant  increase  (P<0.05)  in  aerobic  capacity  and 
anaerobic power were observed after the training. Further, significant reductions 
(P<0.05) were noted in hemoglobin, total cholesterol, triglyceride and LDLC after 
the training. On the other hand plasma levels of urea, uric acid and HDLC were 
increased significantly (P<0.05) following the training. Present study showed a 
decrease in body fat and the plasma levels of cholesterol as well as LDLC and 
increase in HDLC, which is beneficial for good health and better performance. 
However, reduction in hemoglobin and increase in plasma urea and uric acid may 
be due to increased training load. Since the data on field hockey players are limited 
in India, therefore the present study may provide useful information to the coaches 
to develop their training programme. 
(Biol.Sport 26:33-43, 2009) 
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Introduction 
 
  Field hockey is a sport with a long history that has undergone quite rapid and 
radical change within the past decade. The advent of the synthetic playing surface 
has changed the technical, tactical and physiological requirements of the game at 
all levels, but in particular at the elite level. In order to adapt to the technical 
evolution within the game, the players have to develop physiologically to meet the 
physical demand required at elite levels [21]. The game of field hockey involves 
short sprinting as well as movement with and without the ball. Therefore, playing 
hokey requires both aerobic and anaerobic components. 
  Physique  and  body  composition  play  an  important  role  for  the  selection  of 
players [21-23]. Moreover, back and grip strength has great impact over the game, 
which is required during hitting and passing the ball [21-23]. Cardiovascular status, 
as indicated by heart rate recorded during exercise and recovery, plays a vital role 
for the identification and selection of players as well as planning for training [12]. 
Monitoring biochemical parameters such as urea, uric acid and lipid profiles are of 
advantage  in  regulating  the  training  load,  nutrition,  and  maintaining  the  health 
status of the players [2,5,6,9,11]. 
  Training has significant impact on the performance. Data on training on the 
junior field hockey players are lacking in India. Therefore, in the present study, 
emphasis  has  been  focused  on  determining  the  training  induced  changes  on 
different  physiological  and  biochemical  characteristics  of  young  Indian  field 
hockey players. 
 
Materials and Methods 
 
  Subjects:  A  total  of  30  male  (age  range  14-16  years),  regularly  playing 
competitive field hockey athletes were selected after medical check up from the 
National training camps at Sports Authority of India. An average of 2 hours of 
training in morning sessions was generally completed by the players. The training 
involves  both  aerobic  and  anaerobic  training.  The  evening  hours  were  similar 
however  technical  training  (skill  developments)  sessions  were  completed.  The 
training plans was divided in to three phases (i) transition phase (TP= 0 weeks); (ii) 
preparatory  phase  (PP=6  weeks);  (iii)  competitive  phase  (CP=12  weeks)  and 
completed  5  days  per  week.  Physiological  and  biochemical  variables  were 
measured in the laboratory. Each test was scheduled at the same time of day (±1 
hour) in order to minimize the effect of diurnal variation. Physiology of field hockey 
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  Measurement of physiological parameter: Body mass was measured with the 
accurately calibrated electronic scale (Seca Alpha 770, UK) to the nearest 0.1 kg 
and stature with a stadiometer (Seca 220, UK) recorded to the nearest 0.1 cm. Body 
density was estimated from the sum of the skin-fold sites [8]. Estimated percentage 
body fat was calculated from a standard equation [24]. Lean body mass (LBM) was 
calculated by subtracting fat mass from total body mass. Grip and back strength 
were measured by dynamometers (Senoh, Japan) [15]. 
  Treadmill  (Jaeger  LE  500;  Jaeger,  Germany)  tests  were  performed  at  0% 
gradient to determine the cardiovascular status of the players during sub-maximal 
and maximal exercise. Heart rate responses during rest, exercise and recovery were 
noted  in  every  5  s  using  a  heart  rate  monitor  (Polar,  Finland).  The  maximum 
oxygen  consumption  (VO2max)  was  measured  following  standard  methodology 
using computerized respiratory gas analyzer (Oxycon Champion, Germany) [1]. 
Anaerobic power was measured using a cycle ergometer (Jaeger LE 900; Jaeger, 
Germany) [14]. 
  Measurement of biochemical parameters: A 5 ml of venous blood was drawn 
from  an  antecubital  vein  after  12  hour  fast  and  24  hour  after  the  last  bout  of 
exercise. Hemoglobin (Hb), urea and uric acid were measured following standard 
methodology  [19].  Total  cholesterol  (TC),  triglyceride  (TG)  and  high-density 
lipoprotein  cholesterol  (HDLC)  were  determined  by  enzymatic  method  using 
Boehringer Mannhein kit [19]. Low-density lipoprotein cholesterol (LDLC) was 
calculated from a standard equation [10] 
  Statistical analysis: Data were presented as mean and standard deviation (SD). 
Repeated measured analysis of variance (ANOVA) followed by multiple two-tail t-
test with Bonferroni modification was used to determine whether the differences of 
means in each parameter between the groups were significant. Differences were 
considered significant when P<0.05 [7]. Accordingly, a statistical software package 
(SPSS-10) was used. 
 
Results  
 
  Significant decrease (P<0.05) in percentage body fat was noted after 6 wks and 
12 wks of training when compared to that of transition phase. On the other hand 
significant  increase  (P<0.05)  in  LBM  was  noted  after  both  the  training 
programmes.  Strength  of  backs  and  hand  grip  strength  showed  a  significant 
increase (P<0.05) after 6 wks and 12 wks of training. No significant change was 
observed in stature and body mass (Table 1). I. Manna et al. 
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Table 1 
Effect of training on body composition and strength of young India field hockey 
players 
 
Groups  Stature 
(cm) 
Body mass 
(kg) 
LBM 
(kg) 
Body fat 
(%) 
BST 
(kg) 
GSTR 
(kg) 
GSTL 
(kg) 
TP  163.5
a 
±2.4 
53.3
a 
±2.9 
42.0
a 
±2.4 
21.1
a 
±2.0 
106.4
a 
±7.0 
30.0
a 
±2.5 
26.5
a 
±1.4 
PP  163.6
a 
±2.5 
53.7
a 
±3.0 
44.0
b 
±2.6 
18.1
b 
±2.0 
110.6
b 
±5.3 
32.7
b 
±2.1 
29.1
b 
±2.0 
CP  164.1
a 
±2.5 
54.3
a 
±2.2 
45.9
c 
±2.2 
15.6
c 
±2.4 
117.0
c 
±4.5 
35.8
c 
±1.5 
31.8
c 
±1.4 
 
 
  Heart  rate  recorded  during  sub-maximal  exercise  decreased  significantly 
(P<0.05) after 6 wks and 12 wks of training when compared to that of the initial 
phase. Significant reduction (P<0.05) in heart rate was also noted after maximal 
exercise and during recovery following the 6 wks and 12 wks of training. However, 
no  significant  change  was  noted  in  resting  heart  rate  following  the  training      
(Table  2).  Further,  a  significant increase  (P<0.05)  in  maximal  aerobic capacity 
(VO2max) and anaerobic power was noted after 12 wks of training when compared 
to that of the initial phase (Fig. 1). 
 
Table 2 
Effect of training on heart rate variables of young India field hockey players 
 
Groups  RHR 
(b·min
-1) 
HR1 
(b·min
-1) 
HR2 
(b·min
-1) 
MHR 
(b·min
-1) 
MRR1 
(b·min
-1) 
HRR2 
(b·min
-1) 
HRR3 
(b·min
-1) 
TP  66.5
a 
±3.2 
127.1
a 
±4.6 
145.8
a 
±2.0 
189.0
a 
±2.4 
161.0
a 
±3.7 
139.7
a 
±1.8 
122.0
a 
±3.0 
PP  67.0
a 
±3.2 
124.0
b 
±3.7 
143.9
b 
±2.9 
186.9
b 
±4.1 
158.3 
±4.8 
136.2
b 
±2.0 
119.8
b 
±3.2 
CP  64.7
a 
±5.6 
120.5
c 
±3.4 
138.8
c 
±3.6 
184.5 
±3.6 
154.3
c 
±5.3 
132.8
c 
±2.6 
114.6
c 
±3.4 
 
 
 Physiology of field hockey 
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  A  significant  reduction  (P<0.05)  in  hemoglobin  concentration  was  observed 
following 6 wks and 12 wks of training (Fig 2). On the other hand a significant 
increase (P<0.05) in serum urea and uric acid were noted after 6 wks and 12 wks of 
training (Fig 2). Further, significant elevation (P<0.05) was noted in blood level of 
HDLC after 6 wks and 12 wks of training (Table 3). On the contrary, significant 
reduction  (P<0.05)  in  triglyceride,  total  cholesterol,  LDLC,  the  ratio  of  total 
cholesterol to HDLC and ratio of LDLC to HDLC were noted after the training 
(Table 3). 
 
 
    Fig 1a            Fig 1b 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 
Effect  of  training  on  maximal  aerobic  capacity  and  anaerobic  power  of  young 
Indian field hockey players 
 
Table 3 
Effect of training on lipids and lipoproteins profiles of young Indian field hockey 
players 
 
Groups  TC 
(mg·dl
-1) 
TG 
(mg·dl
-1) 
HDLC 
(mg·dl
-1) 
LDLC 
(mg·dl
-1) 
TC/HDLC  LDLC/HDL
C 
TP  187.0
a 
±7.0 
105.8
a 
10.1± 
37.5
a 
2.5± 
128.4
a 
7.0± 
5.0
a 
0.3± 
3.4
a 
0.3± 
PP  172.7
b 
13.1± 
94.0
b 
±9.3 
40.9
b 
±5.1 
113.0
b 
±13.2 
4.3
b 
0.6± 
2.8
b 
±0.5 
 
40
45
50
55
60
65
70
V
O
2
m
a
x
 
(
m
l
.
k
g
-
1
m
i
n
-
1
)
   TP     PP   CP   
b  a 
a 
3.2
3.4
3.6
3.8
4
4.2
4.4
4.6
A
n
a
e
r
o
b
i
c
 
p
o
w
e
r
 
(
W
a
t
t
.
 
K
g
-
1
)
 TP   PP  CP 
b 
a 
a I. Manna et al. 
Biol.Sport 26(1), 2009 
 
 
 
38 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2 
Effect of training on hemoglobin, serum urea and uric acid of young Indian field 
hockey players 
 
Abbreviations to Tables and Figures:  
Each values represents mean ±SD; ANOVA followed by multiple two-tail t-test 
with Bonferroni modification was followed; in each vertical column the mean with 
different superscript (
a, b, c) differ from each other significantly, P<0.05;  
TP – transition phase; PP – preparatory phase; CP – competitive phase; LBM – 
lean body mass; BST – back strength; GSTR – grip strength right hand; GSTL – 
grip strength left hand; RHR – resting heart rate; HR1 – sub-maximal heart rate 1
st 
min; HR2 - sub-maximal heart rate 2
nd min; MHR – maximal heart rate; HRR1 – 
recovery heart rate 1
st min; HRR2 – recovery heart rate 2
nd min; HRR3 – recovery 
heart rate 3
rd min; VO2max – maximal aerobic capacity; AP – anaerobic power; TC – 
total cholesterol; TG – triglyceride; HDLC – high density lipoprotein cholesterol; 
LDLC – low density lipoprotein cholesterol. 
 
Discussion 
 
  Since  the  ancient  times,  it  has  been  believed  that  a  suitable  physique  is 
important to achieve success in particular sports [22]. The measurement of height 
and  weight  has  some  importance  in  selecting  sports  personal  [18,23].  The 
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estimation  of  body  composition  permits  the  quantification  of  gross  size  of  an 
individual into two major structural components namely fat mass and lean body 
mass [22]. The body composition especially in sports persons is a better guide for 
determining the desirable weight rather than using the standard height-weight-age 
tables  of  normal  population,  because  of  the  presence  of  high  proportion  of 
muscular  content  in  their  total  body  composition.  This  appraisal  provides  an 
important baseline to develop an effective training program. Stature and body mass 
have  significant  impact  on  elite  hockey  teams  [21,22].  Tall  players  have  an 
advantage in playing positions such as goalkeeper, forward and defense.  However, 
a standard body mass is required for every playing positions. The present study 
shows  no  significant  change  in  stature  among  the  players  after  the  training. 
Although an increasing tendency was noted in body mass but the results were not 
significant. As the training period was short therefore no significant change was 
noted in stature and body mass. Stature and body mass have significant impact on 
hockey teams and a standard height and body mass is required for every playing 
position [12,17,22,23]. 
  Many  activities  in  field  hockey  are  forceful  and  explosive  (e.g.  tackling, 
jumping, hitting the ball, turning and changing pace). The power output during 
such activities is related to the strength of the muscles involved in the movements. 
Thus, it might be beneficial for a hockey player to have a high muscular strength, 
which also diminishes the risk of injury [13,21]. The results of the present study 
have shown a significant increase in back and grip strength after both “6” weeks 
and “12” weeks of training. Responses to strength training were also proved by 
some earlier studies [23]. 
  Heart  rate  increases  with  an  increase  in  work  intensity  and  shows  linear 
relationship with work rate [1]. In the present study significant reductions in heart 
rates during rest, sub maximal exercise and recovery were noted after the training. 
It has been observed that training reduces the rise in heart rate during exercise and 
fasten the fall in heart rate during recovery. During the match play the activities are 
not continuous; instead it is intermittent that means it involves short sprinting and 
casual recovery. Some time running with the ball and some times with out the ball. 
Thus less increase in heart rate during exercise and rapid fall in heart rate during 
casual recovery may help the player to perform better. Heart rate becomes the only 
factor in increasing cardiac out put after stroke volume reaches its maximum level 
at about 40% of maximal work [1,20]. Since heart rate can increase from 50-190 
beats per min (300-400 %) in well-trained sports persons, with an increasing stroke 
volume of about 50-75%, heart rate plays a key role in increased cardiac out put 
during exercise [1]. Significant reduction in heart rates during rest, sub-maximal, I. Manna et al. 
Biol.Sport 26(1), 2009 
 
 
 
40 
maximal exercise and recovery were noted after the training sessions in the present 
study.  It  has  been  observed  that  training  reduces  the  rise  in  heart  rate  during 
exercise and hastens the fall in heart rate during recovery [1,20]. 
  The present study showed an increase in maximal aerobic capacity (VO2max) in 
the young hockey players after the training. The maximum aerobic capacity for 
elite  male  players  has  been  determined  in  several  studies,  with  mean  values 
between  56  and  69  ml·kg
-1min
-1  [21].  Based  on  results  obtained  from  elite 
European  players,  full  backs  and  midfield  players  had  the  highest  values  and 
goalkeepers  and  central  defenders  the  lowest.  Nevertheless,  the  consistent 
observation  of  mean  VO2max  values  exceeding  60  ml·kg
-1min
-1  in  elite  teams 
suggests the existence of a threshold below which an individual player is unlikely 
to perform successfully in top-class hockey [21,22]. The present study showed a 
mean VO2max of 57.3 ml·kg
-1min
-1 in the players after 12 weeks of training. It can 
be said that the VO2max of Indian players being low compared to their European 
counterparts may lead to less success at International level. The present study also 
demonstrated that maximal aerobic capacity increases with training, this is largely 
because of increased aerobic activity increases the myoglobin content in the muscle 
due  hypertrophy  of  the  exercised  muscles.  Thus  increased  muscle  mass  also 
increases the blood supply and eventually enhances the capacity of the muscle to 
work for long duration.  
  Anaerobic  power  represents  the  highest  rate  of  anaerobic  energy  released, 
where as anaerobic capacity reflects the maximal anaerobic energy production an 
individual can obtain in any exercise bout performed to exhaustion [14]. Although 
mean power output over 30 s on a cycle-ergometer has been used to evaluate the 
maximal  performance  of  hockey  players  during  short  term  exercise  and  thus, 
indirectly, their anaerobic power [21,22]. Present study showed significant increase 
in anaerobic power after the training. Playing hockey involve intermittent activities 
i.e., short sprinting and casual recovery. Thus a high anaerobic power helps to 
develop  sprint  quality  of  the  player.  It  would  appear,  therefore,  that  a  high 
anaerobic power is desirable for success in top-class hockey [21]. This capability is 
reflected in the higher values for anaerobic capacity among goalkeepers, central 
defenders and strikers [21,22]. 
  Hemoglobin concentration in blood which is mainly used for the transport of 
oxygen from blood vessels to exercising muscles, and transport of carbon dioxide 
from working muscles to blood vessels. Hemoglobin also represents the iron status 
of the body [6]. Present study has shown a decrease in hemoglobin concentration 
with  the  advancement  of  training  among  the  players,  which  may  be  due  to 
heamolysis  of  the  red  blood  cells.  This  can  be  substantiated  by  nutritional Physiology of field hockey 
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manipulation [6]. It has been observed that hemoglobin concentration to be 4% 
lower  in  highly  trained  runners  than  in  controls  [6].  The  total  amount  of 
hemoglobin rather than its concentration in the blood is the determining factor for 
reaching a maximal VO2 [6]. 
  The present study has shown increased level of urea and uric acid after both 6 
weeks and 12 weeks of training. It may be suggested that increased level of urea 
and uric acid may be due to increased intensity of training and or, excessive intake 
of proteins and reduced excretion of urinary urea and uric acid. The main end 
product of protein metabolism is urea. Prolonged exercises have been shown to 
cause  increased  urea  and  uric  acid  concentration  in  the  blood,  liver,  skeletal 
muscles, urine, and sweat [5]. Uric acid increases in blood, urine and sweat during 
prolonged exercise. Determination of serum urea and uric acid used as indicators of 
over  training  [25].  Therefore,  monitoring  of  exercise  stress  through  different 
biochemical  parameters  including  serum  urea  and  uric  acid  become  common 
practice [11,25]. Therefore, the results of the present study indicated the higher 
intensity of training in the players. 
  In  the  present  study  a  significantly  decreased  level  of  total  cholesterol, 
triglyceride and LDLC were noted with the advancement of training. Further, a 
significantly higher level of HDLC was noted after the training among the players. 
Regular participation in physical activity is associated with lower plasma level of 
cholesterol, triglyceride and LDLC [9]. Level of fitness influences the lipid profile 
as physically fit and active person tend to have lower level of lipids than unfit or 
less active person. Lipoproteins are vehicles for transporting lipids to the sites of 
their  metabolism  in  various  tissues. The uptake  of LDLC  by  cells  is  part  of a 
homeostatic  mechanism  regulating  the  intracellular  cholesterol  metabolism  and 
providing cholesterol for plasma membrane as an essential structural component. 
However, a high blood plasma concentration of cholesterol in the form of LDLC is 
the most important factor causing arteriosclerosis [2,9]. A high ratio of HDLC to 
LDLC,  is  reduced  the  likelihood  of  the  development  of  arteriosclerosis  [2,9]. 
Evidence has been collected that endurance training results in a decrease of total 
cholesterol and LDLC levels and an increase of HDLC concentration [2,9]. Similar 
observation was noted in the present study. Another study showed that the serum 
levels of HDLC and the ratio of HDLC to total cholesterol were increased in those 
players  having  more  aerobic  exercise  in  their  training  program  [16].  Whereas, 
those players exposed more anaerobic training showed low concentration of HDLC 
to total cholesterol [16] 
  In the present study, training induced changes in different physiological and 
biochemical parameters have been noted in young Indian field hockey players. It I. Manna et al. 
Biol.Sport 26(1), 2009 
 
 
 
42 
may be concluded that training improve the aerobic as well as the anaerobic fitness 
of  the  players.  These  changes  were  reflected  on  various  physiological  and 
biochemical variables like body fat, strength, lipid profile etc. Data on field hockey 
players  are  limited  in  India;  therefore,  the  present  study  may  provide  a  useful 
database to the coaches for preparing training schedules.  
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